











,Q WKLV SDSHU DGDSWLYLW\ DQG UHFRPPHQGDWLRQ PHWKRGV KDYH EHHQ
H[SORUHGDQGLPSOHPHQWHGIRUDQHFRPPHUFHZHEDSSOLFDWLRQRIDQ
RQOLQHHVKRSV\VWHPXWLOLVLQJ3\WKRQZHEIUDPHZRUNWHFKQRORJLHV
7KH DSSURDFK XVHG WR FUHDWH VXFK DGDSWLYLW\ PHWKRGV LV GHVFULEHG
WKURXJK WKH DQDO\VLV RI LQLWLDO UHTXLUHPHQWVPRGHOV DQGGHVLJQVRI
WKH SODQQHG VROXWLRQ DQG WKH ILQDO LPSOHPHQWDWLRQ RI WKH FKRVHQ
PHWKRG XVLQJ WKH:HES\ 3\WKRQ0RGHO9LHZ&RQWUROOHU 09&
IUDPHZRUN 7KH IRUPDOLVPV XVHG WR DFKLHYH RXU JRDO QRWDEO\
UHTXLUHPHQWV GRFXPHQWDWLRQ 8VH &DVH GLDJUDPV IRU VSHFLILFDWLRQ
DQG LPSOHPHQWDWLRQ ZHUH LQYHVWLJDWHG WR GHWHUPLQH WKHLU
DSSURSULDWHQHVV IRU RXU FDVH VWXG\ 7ZR OHYHOV RI VROXWLRQV ZHUH
SURYLGHG EDVLF LPSOHPHQWDWLRQ XVLQJ FRRNLHV IXQFWLRQDOLW\ DQG
DGYDQFHG LPSOHPHQWDWLRQ EDVHG RQ WKH LQWHJUDWLRQ RI PDFKLQH
OHDUQLQJ DOJRULWKPV $V SDUW RI WKH DGYDQFHG LPSOHPHQWDWLRQ WKH
VXLWDELOLW\ DQG DGYDQWDJHVGLVDGYDQWDJHV RI GLIIHUHQWPHWKRGV VXFK
DV6FLNLWOHDUQDQGJHQHUDOUHFRPPHQGHUV\VWHPVVXFKDVFRQWHQW
EDVHGUHFRPPHQGDWLRQVZHUHDQDO\VHGDQGSUHVHQWHG7KLVW\SHRI
LPSOHPHQWDWLRQ LV WKH ILUVW VWHS WRZDUGV WKH H[SODLQDEOH DUWLILFLDO
LQWHOOLJHQFH$,SDUDGLJPZKHUH$,GHFLVLRQVDUHSUHVHQWHGWKURXJK
DGDSWLYH LQWHUIDFHV /DVWO\ IXWXUH UHVHDUFK SRVVLELOLWLHV DUH
SUHVHQWHG E\ FRQVLGHULQJ PRUH DSSOLFDWLRQV DQG IXUWKHU GHVLJQ
DVSHFWV
.H\ZRUGV DGDSWLYH ZHE IUDPHZRUNV UHFRPPHQGHU V\VWHPV
6FLNLWOHDUQH[SODLQDEOH$,
,QWURGXFWLRQ
7KLV SDSHU GLVFXVVHV WKH LQWHJUDWLRQ RI ZHE DSSOLFDWLRQV ZLWK DGDSWLYH IHDWXUHV
GHYHORSHGXVLQJZHEIUDPHZRUNWHFKQRORJLHVWKURXJKWKHLPSOHPHQWDWLRQRIDQH
FRPPHUFHFDVHVWXG\7ZROHYHOVRIDGDSWLYLW\DUHGHILQHGEDVLFWKURXJKWKHXVH
RI FRRNLHV DQG DGYDQFHG DGDSWLYLW\ WKURXJK WKH LQWHJUDWLRQ RIPDFKLQH OHDUQLQJ
DOJRULWKPV
$GDSWLYLW\ FDQ EH GHILQHG DV DQ LQWHUDFWLYH VRIWZDUH V\VWHP ZKLFK LPSURYHV LWV
DELOLW\WRLQWHUDFWZLWKDXVHUEDVHGRQSDUWLDOLQWHUDFWLRQVZLWKWKDWXVHU>@7KLV
LPSURYHPHQWRI LQWHUIDFH LQWHUDFWLRQFDQEHDFKLHYHGXWLOLVLQJ LQIRUPDWLRQVWRUHG
LQ ELJ GDWD IRUP DQG SURFHVVHG WKURXJKPDFKLQH OHDUQLQJ WHFKQLTXHV SURYLGLQJ
WKHXVHUZLWKPRUHSHUVRQDOLVHGUHFRPPHQGDWLRQV
0DFKLQHOHDUQLQJDOJRULWKPVFDQEHLPSOHPHQWHGDORQJVLGHDXVHULQWHUIDFHXVLQJ
YDULRXV ZHE WHFKQRORJLHV ,W ZDV HVWDEOLVKHG WKDW VHQVLEOH UHFRPPHQGDWLRQV WR
XVHUVKDYHDOUHDG\EHHQJLYHQXVLQJDV\VWHPZKLFKZDVGHYHORSHGE\OHYHUDJLQJ
3+3DQG64/LQ7KHV\VWHPXVHGWKH:HLJKWHG6ORSH2QHDOJRULWKPWRUDQN
DQG LQIRUPHGO\ VHOHFW LWHPV WR UHFRPPHQG >@ 7KLV PHWKRG SURYHG WR EH
VXIILFLHQWO\UHOHYDQWDQGXVDEOHDVUHFRPPHQGDWLRQVDUHSUHFRPSXWDEOH+RZHYHU
LQ FRPSDULVRQ WR RWKHU FROODERUDWLYH ILOWHULQJ UHFRPPHQGDWLRQ DOJRULWKPV ERWK
,PSURYHG 6ORSH 2QH DQG :HLJKWHG 6ORSH 2QH DUH RXWSHUIRUPHG >@$Q
LPSURYHPHQW RI WKLV PHWKRG FRXOG LQFRUSRUDWH WKH 3+3 IUDPHZRUN 'UXSDO
LQ UHFRPPHQGHU $3,PRGXOH SURYLGHV WKH GHYHORSHU ZLWK WZR
 >@ DQ HIIHFWLYH PHWKRG IRU LPSOHPHQWLQJ PDFKLQH
OHDUQLQJ DOJRULWKPV ZLWK D XVHU LQWHUIDFH ,W ZDV REVHUYHG KRZHYHU WKDW WKH
UHFRPPHQGDWLRQV LQ WKLV VSHFLILF VFHQDULR ZHUH LQDFFXUDWH WKH LPSOHPHQWHG
'UXSDO UHFRPPHQGHU ZDV QRW HQRXJK DQG UHTXLUHG D IXUWKHU FRQWHQWEDVHG
UHFRPPHQGHU>@3\WKRQEDVHGZHEIUDPHZRUNVVXFKDV'MDQJRKDYHEHHQXWLOLVHG
WRFUHDWH V\VWHPV WKDW XVHDVSHFWVRIPDFKLQH OHDUQLQJ QDPHO\ IHDWXUHH[WUDFWLRQ
DQG FODVVLILFDWLRQ WR JHQHUDWH LWHP FRPELQDWLRQV IRU XVHUV >@'MDQJR KDV EHHQ
XVHG LQ FROODERUDWLRQ ZLWK RWKHU ZHE IUDPHZRUNV VXFK DV $QJXODU-6 WR SURYLGH
IXUWKHU LPSURYHG LQWHUDFWLRQV WKURXJKSHUVRQDOLVDWLRQ IRUDXVHU$ UHOHYDQWVWXG\




DQG WKH HDVHRIXVH RI WKH IUDPHZRUN LWVHOI :HES\ SURYLGHV HDVH LQ UDSLG
GHYHORSPHQWFRQVLVWLQJRIDQLQEXLOW,'(DQGWKHVLPSOH0RGHO9LHZ&RQWUROOHU
09& SDUDGLJP VXSSRUWLQJ WKH ZRUN RI ERWK DFDGHPLF DQG VFLHQWLILF
FRPPXQLWLHV >@%DVHGRQ SDVW H[SHULHQFH WKH IUDPHZRUNZDV VLPSOH WR DGRSW
3\WKRQEDVHOLQHVHQDEOH
WKH XVH RI SRZHUIXO VFLHQWLILF OLEUDULHV WKDW ZHUH H[SORUHG ZKHQ FRQVLGHULQJ WKH












DOORZV IRU WKHXQGHUVWDQGDELOLW\PDQDJHDELOLW\ DQGHVVHQWLDOO\ WUXVWDELOLW\RI$,
UHTXLUHG WR UHVROYH WKH QRQLQWXLWLYH RSDTXH DQG LQFRPSUHKHQVLELOLW\ QDWXUH RI
PDFKLQH OHDUQLQJ >@:LWK H[SODLQDEOH $, D FKDLQ RI UHDVRQLQJ EDVHG RQ WKH
UHQFHFDQEHSURYLGHGWRWKHXVHUGHPRQVWUDWLQJZK\WKH
DOJRULWKPKDVPDGHFHUWDLQGHFLVLRQVDQGQRWRWKHUV>@













PRGXOH ,Q WKLV FDVH VWXG\ UHTXLUHPHQWV DQG VXJJHVWHG LPSOHPHQWDWLRQPHWKRGV
ZHUHFRQVLGHUHG
7KH UHVXOWLQJ V\VWHP ZLOO WDNH WKH IRUP RI D ODUJH HFRPPHUFH ZHEVLWH WKH
IRFXVVHGVHFWLRQEHLQJDSURGXFWUHYLHZDSSOLFDWLRQ
7KHV\VWHPZLOO
 $OORZVLWHDGPLQLVWUDWRUV WRYLHZDQGVHDUFKSURGXFWV WKDWDUHEHLQJVROGRQ
WKHZHEVLWH










,Q DGGLWLRQ WR WKH DERYH UHTXLUHPHQWV WKDW GHILQH WKH EDVLF V\VWHP ZH KDG WR
IXUWKHU HQKDQFH WKH V\VWHP E\ LPSOHPHQWLQJ IXQFWLRQDOLW\ UHVHPEOLQJ WKDW RI D
UHFRPPHQGHU V\VWHP 7KLV ZDV FRPSOHWHG XVLQJ EDVLF IXQFWLRQDOLW\ DQG ZRXOG
H[SHFWHG SURGXFWV UHODWHG WR WKRVH UHFHQWO\ YLHZHG E\ WKH XVHU WR EH GLVSOD\HG
DQWLFLSDWLQJ WKDW WKH XVHU ZRXOG DOVR EH LQWHUHVWHG LQ WKRVH SURGXFWV ZLWK D
IXQFWLRQDOLW\WKDWLVVLPLODUWRDFRQWHQWEDVHGUHFRPPHQGHUV\VWHP
7KHWHFKQRORJ\RIFKRLFHIRUVXFKV\VWHPZDV:HES\D3\WKRQZHEIUDPHZRUN
ZKLFK XVHV WKH 0RGHO9LHZ&RQWUROOHU 09& SDUDGLJP :HE IUDPHZRUNV DUH
LQFUHDVLQJO\ XVHG LQ ZHE GHYHORSPHQW GXH WR WKH DEVWUDFWLRQ WKH\ SURYLGH IRU





KLJKOHYHO 8QLILHG0RGHOOLQJ /DQJXDJH 80/ 8VH &DVH0RGHOOLQJ LV DSSOLHG






3URGXFW 5HYLHZ XVHU 8SGDWH 3URGXFW 'HWDLOV DGPLQ $GGGHOHWH 3URGXFWV
DGPLQDQG5HFRPPHQG1HZ3URGXFWVV\VWHP













,QRUGHU WR DGGUHVV WKH8VH&DVHGLDJUDPVGHWDLOHGDERYH D V\VWHPZDV LQLWLDOO\
GHYHORSHG XVLQJ WKH :HES\ IUDPHZRUN 7KLV V\VWHP IRUPV ERWK WKH PDLQ H
FRPPHUFH ZHEVLWH DQG WKH SURGXFW UHYLHZ DSSOLFDWLRQ DV VSHFLILHG LQ WKH
UHTXLUHPHQWVFRYHUHGLQVHFWLRQ
7KH V\VWHP DOORZHG IRU DGPLQLVWUDWLYH XVHUV WR PDQDJH DGG HGLW DQG UHPRYH
SURGXFWVDQGUHJXODUXVHUVWRYLHZDQGOHDYHUHYLHZVRQSURGXFWVWKDWDUHYLVLEOH
WRRWKHUXVHUV
7KH IXUWKHU GHYHORSPHQW RI WKH V\VWHP WR DGYDQFH IXQFWLRQDOLW\ LQYROYHG WKH
GHYHORSPHQW RI WKH LWHP UHFRPPHQGDWLRQ IHDWXUH WR ZRUN DORQJVLGH WKH LQLWLDO
V\VWHP$V SDUW RI WKLV GHYHORSPHQW WKH XVH RI VLWH FRRNLHV ZDV RXU SULPDU\
PHWKRG
)LJGHPRQVWUDWHVWKDWILUVWO\FRRNLHVDUHFUHDWHGWRKROGLQIRUPDWLRQDERXWWKH
ODVW SURGXFW YLVLWHG E\ D ORJJHG LQ XVHU XVHU,' FRUUHVSRQGV WR WKH XQLTXH








)LJ  LV WKH IXQFWLRQ FDOO WR FUHDWH WKH FRRNLHVGHILQHG DERYH SURYLGHG WKHXVHU










SURFHHGV WR VHOHFW WKUHH LWHPV IURP WKHSURGXFWVGDWDEDVHZKHUH WKHLU FDWHJRULHV
DUH WKH VDPHDV WKHFDWHJRU\RI WKH ODVW YLHZHGSURGXFW8VLQJ WKLV ORJLFZH DUH
DEOHWRDVVXPHWKDWGXHWRWKHXVHUEHLQJLQWHUHVWHGLQWKHLQLWLDOSURGXFWWKH\PD\



















DKUHI ´^^ 85/µSURGXFW¶DUJV 
VXJJHVWLRQLG``´!S!^^ VXJJHVWLRQQDPH``S!
LPJFODVV ´/LVWHG3URGXFW,PDJHWKXPEQDLO´






 $GYDQFHG 0DFKLQH /HDUQLQJ
$OJRULWKPV
7KH SUHYLRXV VHFWLRQ GHILQHGD VLPSOH FRRNLHEDVHG LPSOHPHQWDWLRQ IRU FRQWHQW
EDVHG UHFRPPHQGDWLRQ ,PSOHPHQWDWLRQ RI WKH PRUH DGYDQFHG PHWKRG ZLWK WKH
:HES\LQWHUIDFHZRXOGLQYROYHOHYHUDJLQJWKH3\WKRQ6FLNLWOHDUQOLEUDU\ZKLFK
LVGHWDLOHGLQWKLVVHFWLRQ
7KH UHFRPPHQGDWLRQ RI DQ LWHP WR D XVHU LV EDVHG RQ D FKDUDFWHULVWLF RI WKH
LWHPZKLFKLVW LQFDWHJRU\IRU
LQVWDQFH LW LV DVVXPHG WKDW WKH\ZLOO DOVR OLNH RWKHU LWHPV RI WKH VDPH FDWHJRU\
WKHUHIRUHPRUHLWHPVIURPFDWHJRU\DUHUHFRPPHQGHGWRWKHXVHU
:KLOHWKLVH[SODQDWLRQLVUHODWLYHO\VLPSOLVWLFLWGHPRQVWUDWHVWKHOLPLWDWLRQVIDFHG
E\ SURYLGLQJ UHFRPPHQGDWLRQV XVLQJ FRRNLHV 7R SURYLGH D PRUH DFFXUDWH
UHFRPPHQGDWLRQ WR D XVHU PRUH FKDUDFWHULVWLFV RI LWHPV VKRXOG EH FRQVLGHUHG
DSDUW IURP 7R WKDW HQG D GDWDVHW FRQWDLQLQJ HDFK LWHP DQG
GHILQLWLRQ RI WKH FKDUDFWHULVWLFV VKRXOG EH FRQVWUXFWHG )RU LQVWDQFH D SRSXODU
DSSOLFDWLRQ RI UHFRPPHQGHU V\VWHPV H[LVWV ZLWKLQ WKH 79 DQG PRYLHV GRPDLQ
WKHUHIRUHDGDWDVHW IRUPRYLHVZRXOG UHTXLUH LQIRUPDWLRQ VXFKDVWKHPRYLHQDPH























VKRXOG EH XVHG 2QH VXFK DOJRULWKP LV 7HUP )UHTXHQF\,QYHUVH 'RFXPHQW














DQG WULJUDP WKUHH ZRUGV LH  7KLV PDWUL[ LV
GHVLJQHGWRRQO\FRQWDLQZRUGVRIUHOHYDQFHDQGLJQRUHVWRS
DQG GHILQHG E\ WKH 7ILGI9HFWRUL]HU SDUDPHWHU VWRSBZRUGV ¶HQJOLVK¶
7KHVHZRUGVDUHQRW UHOHYDQW WRGHWHUPLQLQJVLPLODULW\EHWZHHQ LWHPVDQGVKRXOG
WKHUHIRUH EH LJQRUHG LQ QJUDP FUHDWLRQ 5HJDUGLQJ WKH KDUGFRGHG




















)LJXUH GHPRQVWUDWHV WKH IXQFWLRQ ILQGBVLPLODU ZKLFK ZLOO FDUU\ RXW WKH
LGHQWLILFDWLRQ RI VLPLODU LWHPV LQ WKH GDWDVHW EDVHG RQ WKH WDUJHW LQVWDQFH
LWHP7R&DOFXODWH EDVHG RQ D ,')
LPSOHPHQWDWLRQ LQ -XS\WHU 1RWHERRN >@ ,Q VLPSOH WHUPV WKLV IXQFWLRQ XVHV
FRVLQHVLPLODULW\DPHWKRGRIPHDVXULQJWKHGHJUHHRIVLPLODULW\EHWZHHQDSDLURI
WH[W REMHFWV >@ ZKHUH WKH PRVW VLPLODU REMHFWV DUH SDUDOOHO WR HDFK RWKHU WR
LGHQWLI\WKHGHILQHGQXPEHURILWHPVVLPLODU,WHPV7R6KRZ WKDWDUHVLPLODUWRWKH




)LJXUH  GHPRQVWUDWHV WKDW ZKHQ JLYHQ DQ LWHP WKH DERYH 3\WKRQ FRGH XVLQJ
6FLNLWOHDUQ FDQ LGHQWLI\ VLPLODU LWHPV LQ RUGHU RI VLPLODULW\ 7KH
GHHPHG  GHVFULEHG DV DQ DFWLRQ
PRYLHWKHUHIRUHLVJLYHQDVLPLODULW\VFRUHRI+RZHYHU






,Q WKLV SDSHU WZR LPSOHPHQWDWLRQV IRU FRQWHQWEDVHG LWHP UHFRPPHQGDWLRQZHUH
GHPRQVWUDWHG
2XULQLWLDOXVHRIFRRNLHVIRUPHGDQHIIHFWLYHPHWKRGRILWHPUHFRPPHQGDWLRQLQ
WKH FRQWH[W RI D VPDOO HFRPPHUFH VWRUH IRU XQLYHUVLW\ DVVLJQPHQW SXUSRVHV ,W
HQDEOHGXV WRSURYLGH WKHXVHUZLWKD OLVWRI LWHPV WKDW WKH\PD\EH LQWHUHVWHG LQ
EDVHGRQDQLWHPWKDWWKH\KDGSUHYLRXVO\XVHG
$OWKRXJKWKLVPHWKRGRIUHFRPPHQGDWLRQLVVHHQDVXVHIXOWRVRPHH[WHQW>@D
PRUH FRPSUHKHQVLYH DSSOLFDWLRQ RI WKLV PHWKRG FRXOG IDFH LVVXHV FRQFHUQLQJ
FRRNLHFKXUQZKHUHWKHDPRXQWRIGDWDVWRUHGLQFRRNLHVEHFRPHVWRRDUGXRXVWR
ZRUN WKURXJK XVLQJ FRRNLHV DORQH ,Q WKLV VLWXDWLRQ <DKRR VXJJHVWV WKH XVH RI
PDFKLQHOHDUQLQJDOJRULWKPVWRRYHUFRPHWKHLVVXH>@
$VDUHVXOWZHSUHVHQWHGDQHZLPSOHPHQWDWLRQDSSURDFKXWLOLVLQJWKHVDPHZHE




,Q FRQWUDVW WKH FRGH UHTXLUHG IRU WKH FRRNLHEDVHG LPSOHPHQWDWLRQ UHTXLUHG
VLJQLILFDQW IUDJPHQWDWLRQ ZLWK VHFWLRQV RI FRGH DSSHDULQJ LQ PXOWLSOH VHSDUDWH






,Q VLWXDWLRQV ZKHUH D FULWLFDO GHFLVLRQ LV EHLQJ PDGH E\ D PDFKLQH OHDUQLQJ
WUXVW DQ DOJRULWKP WKDW GRHV QRW JLYH YDOLG UHDVRQLQJ IRU LWV GHFLVLRQ WR DYRLG
UHSHUFXVVLRQVLIWKHGHFLVLRQLVGHHPHGHUURQHRXV
,QWKLVLQVWDQFHLWFRXOGEHSRVVLEOHWRH[SODLQWKHGHFLVLRQVPDGHE\WKHPDFKLQH
OHDUQLQJ DOJRULWKP E\ UHWXUQLQJ LQIRUPDWLRQ VXFK DV WKH VSHFLILF NH\ZRUGV WKDW
ZHUH IRXQG ZKHQ FRPSDULQJ LWHPV WR HDFK RWKHU )XUWKHUPRUH GDWD XVHG WR
GHWHUPLQH FRVLQH VLPLODULW\ LQ WKH 7),') DOJRULWKP FRXOG EH H[WUDFWHG DQG
WUDQVODWHGIRUDXVHUWRXQGHUVWDQG3HUKDSVWKLVZRXOGJLYHPRUHLQVLJKWLQWRZK\
LWHPVDUH LGHQWLILHGDVEHLQJVLPLODUDQG WKHUHIRUH LPSURYH WKH WUXVWDELOLW\RI WKLV
&RQFOXVLRQVDQGIXWXUHZRUN
7KLVSDSHUKDVSUHVHQWHGWKHLQWHJUDWLRQRIZHEDSSOLFDWLRQVZLWKDGDSWLYHIHDWXUHV
XVLQJ WKH :HES\ ZHE IUDPHZRUN DQG WKH 6FLNLWOHDUQ 3\WKRQ OLEUDU\ XVLQJ D
XQLYHUVLW\DVVLJQPHQWFDVHVWXG\2XUILUVWPHWKRGXVHGZHEFRRNLHWHFKQRORJ\WR
SURYLGH FRQWHQWEDVHG LWHP UHFRPPHQGDWLRQV WR XVHUV RI DQ HFRPPHUFH ZHE
V\VWHP 2XU VHFRQG PHWKRG LPSURYHG RQ WKH SUHYLRXV PHWKRGDQG GLVFXVVHGWKH
LPSOHPHQWDWLRQ RI D PDFKLQH OHDUQLQJ DOJRULWKP WR SURYLGH FRQWHQWEDVHG LWHP
UHFRPPHQGDWLRQVZKHUH WKHXVHRIFRRNLHVPD\QRWEH VXIILFLHQW IRU ODUJH VFDOH
DSSOLFDWLRQV
2XUIXWXUHUHVHDUFKSODQVIRFXVRQWKHDSSOLFDWLRQRIPDFKLQHOHDUQLQJDOJRULWKPV
WRPRUHDSSOLFDWLRQV WKDWXVHZHE IUDPHZRUN WHFKQRORJ\ZLWK VSHFLILFHPSKDVLV
RQ LPSURYLQJ WKH WUXVWDELOLW\ RI VDLG PDFKLQH OHDUQLQJ DOJRULWKPV (IIHFWLYH
LPSOHPHQWDWLRQRIH[SODLQDELOLW\IRUPDFKLQHOHDUQLQJDOJRULWKPVZLOOEHH[SORUHG
DQG LPSOHPHQWHG WRR /DVWO\ WKLV IXUWKHU LPSOHPHQWDWLRQ ZLOO GHPRQVWUDWH WKH
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